The value of propranolol in relieving infundibular spasm is illustrated. The patho· physiolo!!.y of infundibular spasm in Fallot's tetralogy and its management in anaesthesia is reviewed.
An important facet of Fallot's tetralogy is the occurrence of infundibular spasm, reSUlting in gross hypoxia and occasionally complications such as cerebral thrombosis, cerebral damage or death. The anaesthetist may be called upon to resU5citate the patient during one of these hypoxic spells or be faced with the problems while administering general anaesthesia for cardiac catheterization, dental surgery or surgery for various complications such as cerebral abscess.
The following case report illustrates the various aspects of the condition and its management.
CASE I<.EPORT
A fi year old male child (17'5 kg body weight) with cyanosis and a history of severe hypoxic "pells was being subjected to cardiac catheterization under sedation and local analgesia. The sedation consisted of intramuscular pethidine 30 mg, promethazine 10 mg and chlorpromazine 10 mg. A 6 F Cournaund catheter was advanced into the right atrium, right ventricle and aorta through a left femoral venous puncture. As this was being carried out, the child became very dyspnoeic and cyanosed. Initially, there was a tachycardia but this gradually changed to a bradycardia of 50 beats/min. After 20 ml of 7·5% sodium bicarbonate and atropine 1·2 mg given intravenously, the heart rate increased. The oxygen saturation of blood sampled from the right ventricle showed gross desaturation of 32%. The assistance of the anaesthetist was called for resuscitation of the child. Following morphine 2 mg and d-tubocurarine 8 mg intravenously, and inflation of the lungs with 100 % oxygen with 0·5 % halothane, the child was intubated. Despite ventilating with 100% O 2 with ()·5% halothane, a repeat sample from the right ventricle still showed gross oxygen desaturation of 30% saturation. Subsequently, propranolol 4 mg was given intravenously and the oxygen saturation of the right ventricular blood sample improved to 51 %. The catheterization and angiogram continued uneventfully revealing features of a Fallot's tetralogy with patent foramen ovale. The patient recovered from anaesthesia but had a transient right hemiparesis which improved completely over 24 hours. DISCUSSION Infundibular spasm in a child with Fallot's tetralogy leads to the syndrome of a " hypoxic spell" or "cyanotic attack". This presents as an episode of increased cyanosis with tachypnoea, tachycardia, loss of consciousness or even convulsions. Bradycardia usually precedes cardiac arrest. During anaesthesia, especially in the induction phase, infundibular spasm can occur but it is often recognized rather belatedly.
Physiological Changes
In Fallot's tetralogy, a large septal defect connects the right and left ventricle, leading · . · . · .
· .
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to a right to left shunt. The amount of shunting is regulated by the relative resistances to flow in the two outflow tracts: (a) the often narrow and muscular right ventricular outflow tract-infundibulum. (b) the aortic outflow resistance which is the total systemic resistance. The hypoxia in Fallot's tetralogy results from the diminished pulmonary blood flow due to the right ventricular outflow obstructic.n and the right-to-Ieft shunt through the ventricular septal defect. Should the right ventricular outflow resistance or the right-to-Ieft shunt increase, the hypoxia would be aggravated.
The "hypoxic spells" seen in Fallot's tetralogy are probably due to an increase in the right to left shunt which results from:
(a) Decreased peripheral resistance e.g. vasodilatation due to drugs, hypovoleamia, hyperpyrexia. (b) an increase in metabolism and cardiac output e.g. fear, excitement, restlessness. (c) An increased contraction of the right ventricular outflow tract (infundibulum) caused by: (i) release of endogenous catecholamines following pain, apprehension, excitement, hypercarbia or hypoxia. (ii) drugs with positive inotropic effects such as isoprenaline, noradrenaline. Metabolic acidosis results from anaerobic metabolism due to the severe hypoxia, initiating a vicious cycle as endogenous catecholamines are released and promote infundibular con tractility or spasm. When severe myocardial hypoxia supervenes, bradycardia occurs.
A naesthetic Management
The important aspects in the anaesthetic management of Fallot's tetralogy are to avoid: 
(i) the factors that increase contractility of the right ventricular outflow tract (infundibulum). (ii) an increase in the right-to-Ieft shunt through the ventricular septal defect. (iii) a sudden increase in cardiac output. Adequate sedation, analgesia, and avoidance of hypoxia and hypercarbia are essential to reduce catecholamine release. A rapid increase in the right to left shunt may result from a sudden decrease in peripheral resistance, for example when intravenous induction agents are given rapidly or by the use of high concentrations of inhalational agents that cause vasodilatation.
In summary, the essential points in the anaesthetic management of a patient with Fallot's tetralogy are:
(a) a carefully adjusted premedication to prevent excitement and apprehension. Over-sedation, on the other hand, can lead to hypercarbia and respiratory depression leading to severe hypoxia. Atropine is avoided as it causes tachycardia. (b) Preoxygenation. (c) a smooth induction is essential as coughing and straining could impair venous return leading to hypotension. Inhalational induction is slow whilst intravenous agents must be given slowly. (d) gentle but adequate ventilation: Excessive inflation of the lungs would impair blood flow through the pulmonary circulation. Low concentrations of halothane may help to prevent infundibular spasm by decreasing contractility of myocardial tissue. However, high concentrations can lead to peripheral vasodilatation thereby increasing the right to left shunt aggravating the hypoxia. In an established infundibular spasm, halothane may not he useful as the pulmonary circulation would he inadequate to enable a significant rise in concentration of halothane in the blood as was shown in this case.
(cl Replacement of blood loss. Fluids and plasma should be used initially as these patients have a high haematocrit. (f) Propranolol has been used to prevent and reduce the incidence of "hypoxic slwJls" (Cumming 1966) . The action of propranolol is to decrease the contractility of the muscular right ventricular outflow tract (infundibulum), thereby increasing its calibre and allowing an increased pulmonary blood flow with a reduction in right-to-left shunt. It was shown in this case that propranolol was extremely effective in relieving the established infundibular spasm. In the event of an infundibular spasm or hypoxic spell, various measures have been shown to relieve the attack. Morphine and oxygen are often effective. Sodium bicarbonate frefjuently relieves the attack as it is believed that the acidosis perpetuates a vicious cycle by releasing catecholamines (Rudolph and Danilowitz 1962) . Propranolol is usually very effective in relieving the spasm as shown in this case. Peripheral vasoconstrictors which do not cause myocardial stimulation e.g. angiotensin and phenylephrine, have been used to reduce the hypoxia by causing an increase in total systemic resistance which reduces the right-to-Ieft shunt. Bradycardia should be treated with atropine if sodium bicarbonate is not effective. Isoprenaline should not be used as it causes peripheral vasodilatation and infundibular contractility, aggravating the hypoxia.
